A sheep preparation hai been developed which allows repeated measurements of regional blood flow, oxygen consumption and drug disposition in awake, unrestrained animaU This allows systematic studies of both acute changes, such as haemodynamic disturbances, and of chronic changes, such as enzyme induction, to be carried out. Good agreement was shown between the values fox cardiac output and regional blood flow obtained by the Fick and ir*Hif?tnr dilution m^rhfv4n ) and those obtained by others using microspheres. Significant day-to-day fluctuations in haemodynamic indices were shown to occur; assumptions that hepatic or renal blood flows are constant fractions of cardiac output, or that renal or hepatic flow indicator extraction ratios remain unchanged from day-to-day, will lead to significant errors. Thus, control measurements for each experiment are necessary. It is proposed that physiological models for studying drug disposition based on data from awake, unrestrained animal* may provide insight into some nrfhaniOTrm of rhon^^i in drug disposition that cannot be obtained lming thf traditional compartmcntal method.
However, there are limitations to this method. As information is obtained on the basis of best fitting time-averaged data, real fluctuations occurring over small increments of time cannot be distinguished from noise in the data. Consequently, they are smoothed and their significance lost. The compartments, volumes of distribution, and constants are, in most instances, entirely conceptual, and bear no relationship to real physiological entities. The rate constants may be "hybrid" constants, and not refer exclusively to the actual processes of elimination or distribution. As it is not possible with this method to predict the effects of the presence of pathology or of changes in cardiac output or regional blood flow, information derived in this way is of limited use in clinical situations, especially those in which there may be rapid haemodynamic changes, such as during anaesthesia and surgery. If the disposition of a drug is altered, the relative contributions of changes in blood flow or changes in rates or routes of metabolism cannot be determined.
Recognition of the existence of many of these problems has led to the development of theoretical methods for estimating their importance through physiological or perfusion modelling techniques (Rowland, Benet and Graham, 1973; Wilkinson, 1975) . However, development of the experimental aspects of physiological modelling has not kept pace with the theoretical concepts, so that experimental validation of many of these proposals has been confined to isolated perfused organ systems (Pang, 1980) . Some of these limitations of the compartmental method became obvious in a recent clinical study by some of the authors, in which it was concluded that: "Systematic studies of pharmacokinetic properties of perfusion limited drugs ... must be developed in such a way as to allow for independent variation of flow and extraction" (Mather et al., 1981) . Thus, it was decided to develop a chronic animal preparation in which direct measurements of the distribution and elimination of drugs, and their metabolites, could be obtained. In such a preparation, it would be necessary to be able to measure blood flow through, and drug concentration gradients across, the likely organs of elimination, namely the heart and lungs, liver, kidney and gut.
Sheep were chosen as the experimental animal because they are readily available (matched for sex, weight and breed), because their relatively large size allows the frequent collection of blood samples of adequate volume for analytical accuracy and be-
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FIG. 1. Diagram showing catheters placed in ascending aorta
, left renal artery, right atrium, right hepatic vein, both renal veins, portal vein, and mesenteric vein. The syringes indicate that blood samples may be taken from or infusions made to any of these vessels, allowing concentration gradients to be measured across the lungs, the whole sheep excluding the lungs, the gut, liver, and kidneys. The tracings indicate, from above, measurements of arterial pressure, simultaneous dye and thermodilution curves, pulmonary artery pressure, central venous pressure, a continuous recording of indocyanine green concentration in the hepatic vein after a right atrial bolus, a transrenal indocyanine green dye dilution curve after a renal artery bolus, and an electrocardiogram. y cause their capacity for becoming very tame allows reproducible control measurements to be made (Gourlay, Mather and Parkin, 1980) . As anaesthesia is known to cause profound haemodynamic disturbances (Prys-Roberts, 1980) , it was decided to develop a preparation in which repeated control measurements could be made in awake unrestrained animals. Methods involving the implantation of perivascular flow probes were avoided, as these may alter regional blood flow control mechanisms by rendering pulsatile vessels rigid, and by interfering with their autonomic nerve supply. Methods based on microsphere techniques were rejected because of the limited number of times that measurements can be made, their cost, and the difficult processing involved. Furthermore, neither of these approaches would have facilitated simultaneous direct measurement of drug concentration gradients across organs and organ blood flow. It was decided, therefore, to base measurements of drug disposition and regional blood flow on the application of the Law of Conservation of Matter and appropriately placed intravascular catheters ( fig. 1 ). In this way, comparisons could be made between results obtained by the traditional compartmental method and those obtained by simultaneous direct measurements and, using longitudinal studies in the same animal, the effects on drug disposition of commonly occurring disturbances could be determined. The relative contributions of changes in blood flow and rates or routes of biotransformation to changes in overall drug disposition could then be determined.
MATERIALS AND METHODS
Sheep preparation
Merino wethers, aged between 1 and 2 yr, were acclimatized in metabolic crates for at least 1 month. Only sheep which adapted well to the metabolic crate, to the dry feed (lucerne chaff) and to frequent handling, were used for experimental purposes.
The sheep were fasted for 24 h before operation. Anaesthesia was induced with thiopentone 20 mg kg" 1 , a cuffed endotracheal tube was inserted, and the lungs ventilated with a mixture of 0.5-2% halothane in 40% oxygen (balance nitrogen) using a controlled volume ventilator (Oxford Ventilator OVB, Longworth Scientific Instrument Company Limited, Abingdon, Berks, U.K.). The right side of the neck was shaved and soaked in a p^vidone iodine antiseptic solution (Betadine, F. H. Faulding and Company Pty Ltd, Adelaide, Australia) and, under full sterile conditions, the right carotid artery and jugular vein were exposed ( fig. 2A ).
Up to eight 7-French gauge catheters were placed in the jugular vein, and up to four in the carotid artery, using a Seldinger technique ( fig. 2B) . A disposable needle and guide wire were used (respectively SDN 187 and TSF-38-145-X, Cook Inc., Bloomington, Indiana, U.S.A.). The tips of the catheters were positioned using an image intensifier (Toshiba Mobile Image Intensifier, Tokyo Shibaura Electric Company Limited, Japan), with injections of a radio opaque dye, sodium iothalamate 70% w/v (Conray 420, May and Baker Limited, Dagenham, U.K.), whenever necessary.
Routinely, a modified quadruple-lumen pulmonary artery catheter (Swan-Ganz catheter, Model 93A-131-7F, Edwards Laboratories, Santa Ana, California, U.S.A.) was placed in the pulmonary artery (the orifice of the proximal lumen of the modified catheter opens 5 cm from the tip of the catheter), single-lumen braided polyethylene catheters were placed in the left renal vein and right hepatic vein (A-l, 7F, Cordis Ducor Angiographic Catheters, Cordis Corporation, Miami, Florida, U.S.A.) ( fig. 3) , and three polyethylene catheters were placed both in the right atrium and ascending aorta (using PERT-7 polyethylene catheter material and PFLLA-PTFY plastic Luer lock adaptors, Cook Incorporated). For particular applications, additional catheters were placed in the coronary sinus, inferior or superior vena cava, right renal vein, left jugular vein and coeliac or superior mesenteric artery. The catheters were tied into the vessels using size 6 braided silk sutures (Mersilk, Ethicon Limited, Edinburgh, Scotland), and both vessels were ligated and cut cephalad to the site of insertion ( fig.  2C ). Eight-millimetre silicone rubber sleeves (Raychem, Mount Waverley, Australia) were then placed tightly over all the catheters so that they were formed into a cable. A mounting clamp (TC5353A, The Thomas and Betts Company, Elizabeth, New Jersey, U.S. A.) was sewn to the strap muscles of the neck ( fig. 2D ), and the cable secured to a mounting clamp with a self-retaining tie (TY-551M, The Thomas and Betts Company) ( fig. 2E ). The wound was closed using braided absorbable Dexon O sutures (American Cyanamid Company, Pearl River, New York, U.S.A.) ( fig. 2F ). The radiographic anatomy of the renal and hepatic venous system is shown in figure 3 . For special applications, a polyethylene catheter was placed in the sagittal sinus via a frontal incision and a trephine hole in the parietal bone (Lindsay and Setchell, 1972; Gardiner, 1980) . The sheep was placed on its left side and the right subcostal area shaved and soaked with povidone iodine. A subcostal incision was made, the porta hepatis exposed, and a purse-string suture inserted in the portal vein ( fig. 2G) . A specially prepared double-cuffed polyethylene catheter ( fig. 2H ) was inserted to the portal vein through a small stab incision, and the purse-string tightened and tied between the two cuffs ( fig. 2H ). This catheter was prepared in the same fashion as the right atrial and aortic catheters and the two cuffs of heat-shrink material (Raychem) were shrunk onto the tip using a heat gun (46-014, Ideal Industries Inc., Sycamore, Illinois, U.S.A.). A loop of small bowel was exposed and a mesenteric vein catheter inserted (using a similar double-cuffed catheter and technique as for the portal vein). The abdominal catheter hubs were brought out through a stab wound in the lumbar region, and the abdominal wound closed in layers using Dexon sutures.
On recovery, the sheep was returned to the metabolic crate and each catheter was attached to an extension line (Cat. No. 19080 , Surgimed Pty Ltd, Frankston, Australia), a continuous flush system (Intraflo CFS-03F, Sorrensen Research Company, Salt Lake City, Utah, U.S.A.), and one limb of a triple connector (Deseret multi-flow adaptor, Cat. No. 1270, The Deseret Company, Sandy, Utah, U.S.A.), the input side of which was attached via a drip set (Type A-FCP-32-OOO, Tuta Laboratories, Lane Cove, Australia), and an in-line burette (Travenol Laboratories, Sydney, Australia), to a 1-litre bag of 0.9% sodium chloride (Code AHB1324, Travenol Laboratories) containing heparin 5000 u. litre" 1 (heparin injection BP (mucous) 5000 U/ml, David Bull Laboratories, Melbourne, Australia). Each 1-litre bag was placed in a pressure infusor (BD-10, 4R4403-Fenwall Laboratories, Morton Grove, Illinois, U.S.A.) which was kept at 300mmHg via a reducing valve (TR63, Commonwealth Industrial Gases, Sydney, Australia) attached to a compressed air cylinder. Each prepared sheep was self-contained in its mobile metabolic crate with its own catheter flushing system and containers for feed, water, urine and faeces.
Measurement of physiological indices
The first set of control measurements in each of 10 sheep (body weight 32-45 kg) 1 week after catheter implantation are presented, with data from 10 control periods in one of the sheep (body weight 35 kg) over a 12-week period. The haematocrit ranged from 22 to 35% at the time of the control measurements. Blood flow increases with decreases in haematocrit in this range, so that oxygen consumption and venous PCh remain unchanged (Messmer et al., 1972; Peter et al., 1975) . For the purposes of comparison, control flows were corrected by dividing the product of the measured flow and haematocrit by the haematocrit measured in that animal before catheter insertion. Pulmonary artery temperature was measured and arterial blood 10 ml was taken for routine biochemical and haematological screening before each set of control measurements.
Cardiac output was measured routinely by thermodilution using 10 ml of cold (0°C) 5% dextrose as the indicator, using a method described by Rnnciman, Ilsley and Roberts (1981a) . A modified quadruple-lumen Swan-Ganz catheter was used in conjunction with an Edwards cardiac output computer (Model 9520, Edwards Laboratories) (Edslabs, Santa Ana, California, U.S.A.). The tip of the pulmonary artery catheter was placed so as to give an undamped pressure trace and the injection of indicator was made during the respiratory pause via a separate 7-French gauge right atrial catheter. (The proximal lumen of the modified Swan-Ganz catheter was not used for injection of indicator, but for sampling blood.) Thermodilution cardiac output measurements were made every 10 min for 1 h as part of the experimental procedure described below in 10 different sheep (70 measurements), each measurement representing the mean of three corrected measurements (Runciman, Ilsley and Roberts, 1981b) . Seventy cardiac output measurements were made in the same way for 1 h on 10 days over a 12-week period in one sheep.
Renal blood flow was measured by the Fick method, using sodium 125 I-iodohippurate (IOH) (specific activity 35^iCimg"') (Amersham International Limited, Amersham, England) as an indicator. Steady-state conditions were generated with a two-stage infusion via the mesenteric vein catheter using a constant rate infusion pump (model 94, Harvard Apparatus, Millis, Massachusetts, U.S.A.) and a calibrated glass syringe. A loading infusion of 600000 cpmmin" 1 for 20 min was followed by 300000 cpmmin" 1 for the duration of the study. Steady-state was obtained after 20 min from the start of the second infusion, yielding arterial and renal vein blood concentrations of approximately 450 and ISOcpmml" 1 , respectively. A gamma scintillation spectrometer (Packard Model 3002, AMRAC Industries, Downers Grove, Illinois) with a background count for whole blood of less than 40cpmml" 1 , was used. After aspiration of catheter deadspace, 1.0-ml blood samples were measured at the point of sampling by withdrawal into 1-ml disposable tuberculin syringes. Seventy pairs of simultaneous arterial and renal vein blood samples were taken for counting immediately after the cardiac output measurements described above. Thus, 70 renal blood flow measurements were made in 10 sheep, and a further 70 in one sheep over 12 weeks. In two sheep, bilateral renal vein catheters were placed and simultaneous samples taken from arterial and both renal vein catheters. Urine was collected in four sheep and the amount of IOH recovered in this way was determined (two determinations were made in each of three sheep and four determinations were made in one sheep). Renal blood flow was calculated by dividing the dose rate by the arterial-renal vein IOH concentration difference at steady-state. A calibration standard curve was constructed from the IOH solution actually infused in each study in order to determine precisely the dose rate.
Hepatic and portal blood flows. Hepatic blood flow was measured in these 10 sheep by an indicator dilution technique using a mesenteric vein infusion of IOH; portal blood flow was measured in seven of these sheep by the same method. Portal and hepatic vein samples were taken at the same time as the arterial and renal vein samples. Thus, 70 hepatic blood flow measurements were made in 10 sheep, and a further 70 in one sheep over 12 weeks. One hundred and twenty-nine portal blood flow measurements were made during 18 control periods. Hepatic blood flow was calculated by dividing the dose rate by the hepatic vein-arterial IOH concentration difference at steady-state. Portal blood flow was calculated by dividing the dose rate by the portal vein -arterial IOH concentration difference.
The indicator dilution method was validated by comparison with the Fick method using bromsulphthalein (BSP) in 121 pairs of measurements made simultaneously in seven sheep. Steady-state conditions were achieved by a two-stage infusion of BSP using 25mgmin" 1 for 20 min, and then 12.5 mg min" l for the duration of the experiment. Sampling began 20 min after the start of the second infusion. BSP concentrations in the blood samples were determined using a high-pressure liquid chromatographic technique (see Appendix). The use of this highly specific assay technique was preferred to the traditional spectrophotometric assay in order to eliminate contributions made by metabolites having spectral characteristics similar to those of the parent substance (Meijer et al., 1983) .
RESULTS
The 10 sheep studied remained satisfactory for experimental purposes for between 9 and 104 days (mean 31 days). The mean values obtained for the physiological, biochemical and haematological tests in the 10 sheep are compared with those obtained in one of the sheep over 12 weeks in table I.
Control cardiac output, renal blood flow, liver blood flow, and IOH extraction ratio measurements are presented in figures 4-6 in histogram and bar chart form.
In the sheep with bilateral renal vein catheters there was no significant difference between the IOH extractions for the right (mean 0.71, SD 0.03) and left (mean 0.70, SD 0.02) kidney. Urine was collected in four sheep and on all 10 occasions more than 99.7% of the IOH dose was recovered in the urine.
Individual portal blood flow measurements could not be made by the IOH indicator dilution technique as there was unequivocal evidence of streaming in the portal vein (table II) . However, the portal fraction of hepatic blood flow was 0.90 when calculated from the mean arterial, hepatic vein and portal vein IOH concentrations from the data in table II, and was 0.80 for 121 additional measurements in seven sheep when calculated from the relevant weighted mean IOH concentrations.
DISCUSSION
The chronic sheep preparation is sufficiently robust and reliable to allow longitudinal studies within individual animals to be carried out; only 10 experimental animals were needed for data acquisition for a 2-yr experimental programme requiring 110 experimental days (Runciman, 1982) . Although up to 100 ml of blood was taken regularly, twice a week, there was no decrease in haematocrit, nor change in any of the biochemical or haematological screening tests, with the exception of the serum albumin The serum albumin concentration decreased from 32 (SD 43) g litre-1 before the operation to 28 (SD 36) g litre" 1 by the first experimental day and then decreased by 1 g litre" 1 for each experimental month thereafter. When necessary, blood transfusion from donor sheep was carried out in the period after operation after a direct crossmatch at 37 °C.
The cardiac output, although subject to day-today variation ( fig. 4) , generally remained fairly constant over any single hour, and there were no progressive changes over a 3-month period. The aver- age value for the 10 sheep was 76 ml min l /kg body weight, and for the single sheep repeatedly studied over a 12-week period was 77 ml min" 1 kg" 1 ; the average value calculated from the microsphere data of Hales (1973) for 13 Merino wethers was 79 ml min" 1 kg" 1 . As the thermodilution method for cardiac output measurement does not satisfy some of the basic requirements for bolus injection flow measurements (for example, there is some loss of indicator, and the area under the curve must be determined using an empirical method), it was evaluated in detail (Runciman, Ilsley and Roberts, 1981a,b) . A separate injectate catheter was used because it was found that the other catheters in the superior vena cava acted as a heat sink. This was routinely placed with its tip at the level of the tricuspid valve in the right atrium. As this catheter had thermal properties different from those of a Swan-Ganz catheter, the appropriate correction factor was determined in each sheep by comparison with the dye dilution method. If 0°C injectate was used and the average of three corrected measurements were taken, then thermodilution measurements were within 10% of a simultaneous dye dilution measurement. The thermodilution method was preferred for routine use, as it is quick and easy to perform, and reproducible results were obtained that were comparable in accuracy to other methods. However, it is recommended that it be validated against an independent method every 2 weeks during the experimental life of each animal (Runciman, Ilsley and Roberts, 1981b) .
Renal blood flow was autoregulated within a fairly narrow range. For example, more than half the flows in the single animal studied over 12 weeks were between 320 and 359 ml min" 1 ( fig. 5 ). However, there were considerable absolute changes from day to day, although the flows remained within a narrow range over the single hour on each day. As is evident from figure 5, although renal blood flow remained fairly constant, there were often simultaneous wide fluctuations in cardiac output. In particular, renal blood flow was maintained when a sheep was completely at rest with a low cardiac output leading to some high renal fractions ( fig. 5 ), so that assuming renal blood flow to be a fixed fraction of cardiac output would lead to considerable errors. Furthermore, although the IOH extraction ratio generally remained within a narrow range over 1 h and was within 3% for simultaneous measurements from both kidneys it, too, was subject to considerable variation from day to day. Indicies of renal blood flow obtained from an assumed constant IOH extraction ratio would also lead to large errors. It has been pointed out by others that significant errors are likely in assuming a constant paraaminohippurate extraction ratio under conditions of altered haemodynamics (Rosen, 1972) or in some disease states (Eklund, 1978) .
There were no progressive changes in renal blood flow, renal fraction or IOH extraction ratio over a 12-week period in the single sheep repeatedly studied (fig. 5) . The average value for the renal fraction of cardiac output for the single sheep studied was 0.16 (SD 0.05) and for the 10 sheep was 0.20 (SD 0.07); that obtained by Hales (1973) was 0.17 (SD 0.09).
For renal blood flow measurements, it was shown that the requirements for the Fick method were satisfied, using constant infusion to steady-state. Steady-state arterial and renal vein concentrations of IOH were obtained reliably and there was no undetected non-renal loss of indicator from the system, as more than 99% of the infused dose was consistently recovered from the urine. The volume < f IOH infused (10 ml h" 1 ) did not change the flow appreciably and the use of high specific activity indicator precluded mass-dependent elimination effects at the kidney. Arterial IOH concentrations were representative of the blood entering the kidneys, as mi-ring had occurred in both the portal and central circulations. Renal vein IOH concentrations were representative of blood leaving the kidneys, as extraction ratios in any hour varied by less than 5%, and because extraction ratios across right and left kidneys remained within 3% of each other in the animals with bilateral renal vein catheters.
Estimations of hepatic blood flow ( fig. 6 ) were subject to more variation than those of renal blood flow. However, considerable fluctuations have been documented to occur in hepatic flow, especially in sheep that have not been fasted, and the variation observed in this study is consistent with that observed by other workers (Katz and Bergman, 1969) . Considerable errors would be incurred if hepatic blood flow was always assumed to be a constant fraction of cardiac output. The average value for the hepatic fraction of cardiac output obtained in the single animal repeatedly studied was 0.33 (SD 0.07) and for the 10 sheep was 0.37 (0.10); that obtained by Hales (1973) was 0.37.
BSP was chosen for use with the Fick method to validate the IOH indicator dilution technique. In preliminary experiments, liver blood flows were measured using indocyanine green (ICG), BSP and Rose-Bengal. BSP and Rose-Bengal were both found to be satisfactory indicators as both had consistent hepatic extraction ratios, and produced comparable results. Analytical interference by protein precipitation in some samples, high cost and a small extraction ratio (0.3) made ICG less attractive than the other two indicators. BSP was ultimately chosen over Rose-Bengal as the preferred indicator for use with the Fick method because of its higher extraction ratio (0.7 compared with 0.5 for Rose-Bengal) and its lower cost.
When measuring hepatic blood flow using a constant infusion method to steady-state, it is more difficult to be confident that all the requirements for this method have been satisfied. For both IOH and BSP methods, steady-state arterial concentrations were achieved, and the volume of indicator infused (10 mlh" 1 ) was insignificant. However, it had to be assumed that adequate miving had occurred for sampling in the hepatic vein, and that the hepatic vein catheter samples were representative of all hepatic venous blood. Moment-to-moment variations are likely to occur, particularly in the low pressure portal system, leading to sudden changes of flow in the region drained by the hepatic vein catheter. This can be seen in the data presented in table II and has, in fact, been documented for BSP in man (Winkler and Tygstrup, 1965; Winkleretal., 1965) . Another possible cause with the IOH method was a variation in the ratio of portal venous blood (IOH enriched) to hepatic arterial blood (recirculated IOH) supplying the area of the liver from which the samples were being taken. An indicator dilution technique was developed in which IOH was infused to the coeliac artery in an attempt to enrich both the hepatic artery and the portal circulation with IOH. Although satisfactory flow measurements were obtained, this technique was unreliable for routine use since the course of the coeliac artery was so short that the catheter tended to flip out into the aorta.
As no IOH was lost into the hepatosplanchnic circulation at steady-state (>99% of any dose was recovered in the urine), and as the mean value for hepatic blood flow by each method for 121 measurements in seven sheep differed by less than 1%, it would seem that there is no significant extrahepatic BSP clearance in the sheep. This observation, supported by the fact that the average fraction of cardiac output for liver blood flow agrees with that reported for a microsphere technique (Hales, 1973) , implies that both BSP and IOH methods provide reasonable values for liver blood flow.
It was not possible to obtain reliable individual measurements of portal blood flow using the IOH indicator dilution method, as streaming occurred consistently in the portal vein (table II) . Reexamination of results obtained by others also provides evidence of streaming (Katz and Bergman, 1969) with the apparent relative contribution of the portal flow to hepatic flow being subject to wide variation. However, pooling weighted mean values from 121 measurements in seven sheep yields an average portal fraction of 0.80 of liver blood flow, a value similar to that reported for several species (Richardson and Withrington, 1981) .
It is suggested that the development of methods for predicting drug disposition using physiological modelling based on data obtained from awake, unrestrained animals will allow insight into some mechanisms in areas in which this would not be possible with the traditional compartmental method. Because extraction ratios and blood flow may vary and be measured separately, many problems relating to the interaction between drugs and the body may be resolved. However, as significant fluctuations have been shown to occur in regional flows and indicator extraction ratios, it is necessary that these be measured, and not assumed, for each study.
APPENDIX MEASUREMENT OF BROMSULPHTHALBIN CONCENTRATIONS
The blood sample (1 ml) wat mixed with heporin (25 u.) in a plastic tube, stirred on a vortex mixer and separated by centrifugation (3000 rev min" 1 , 5min). A 200-filitre aliquot of plasma was mixed with acetonitrile SOOfilitre and internal standard (brompheoyl blue 5 fig) in a 1.5-ml vial (Eppendorf, Hamburg, West Germany), stirred on a vortex mixer for 301 and the phases separated by centrifugation (4000 revmin" 1 , 2min). Twenty;-microlitre aliquot* of the clear supernatant liquid were withdrawn with a microlitre syringe and injected directly into the high pressure liquid chromatograph (Waters Associates Pry Limited, Milford, Massachusetts, USA). The column was a n Bondapack C18 reverse phase (Waters Associates Pty Limited), the mobile phase was methanol: 0.5% PICA (Waters Associates Pty Limited) = 50:50, the flow rate was 2 ml min" 1 and the ultraviolet detector was set at 234 nm. This gave a retention time of 4.0 min for bromphenyl blue and 5.6 min for BSP. Concentrations of BSP were calculated from a previously constructed standard curve of peak height ratio of BSP/internal standard o. amount of BSP. The coefficient of variation of 2% was typical over the concentration range encountered. The limit of sensitivity attainable was approximately 0.5 mg litre"'. 
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